Bacteria are subjected to rapid evolution by continuous changes in their genome sequences, resulting in new genotypes. Natural selection causes survival of the fittest and elimination of really disadvantageous genotypes. Occasionally, new genotypes are so advantageous that they become dominant and spread over the population. The most common causes of genomic changes involve only the cells' own genome, brought about by alterations at the nucleotide level (e.g., introduction of mutations in the DNA due to damage provoked by UV light, chemical agents, DNA polymerase mistakes, etc.) or alterations of larger parts of the genome (e.g., duplications, repetitions, or strand inversions). In addition, new genetic abilities can be acquired by horizontal gene transfer (HGT), for which three main mechanisms have been reported: (i) transformation of naturally competent bacteria (e.g., Bacillus subtilis) by the uptake of environmental DNA, (ii) transduction of DNA by bacteriophage infection, and (iii) conjugation (transfer of DNA between adjacent bacteria by pilin structures) (5) . Several studies have suggested that specific genes have been acquired by HGT, including the ermG gene found in Bacillus sphaericus and seven intestinal Bacteroides species (36), the cap operon, which is thought to have been acquired by Staphylococcus epidermidis by plasmid transfer from Bacillus anthracis (11) , and the ycdB gene, which has recently been exchanged between lactococci and enterobacteria (4; for a review see reference 31). Often, the presumptions are based on differences in the GϩC contents of the genes and the rest of the genome, suggesting that there were different origins (9) . Especially when pathogenic bacteria or acquired antibiotic resistance is involved, HGT challenges humans to keep up with the high evolutionary rate of bacteria. However, HGT is often unsuccessful because of barriers presented by requirements that must be fulfilled by the receiving organism, including the need for stable integration of the gene into the genome, no disturbance of other genetic structures or regulation, expression of the gene, and subsequent production of a functional protein, which requires correct folding and possibly modifications (32) . In the present report we describe an HGT case study in which the transcription activator protein ComK from Bacillus subtilis was introduced into the heterologous host Lactococcus lactis. Previous research demonstrated that introduced ComK is produced in L. lactis and forms a functional protein, which can activate transcription of a ComK-dependent reporter fusion, albeit to a lower extent (31a) . This implies that three of the requirements for successful HGT are fulfilled (stable integration, gene expression, and production of a functional protein). Thus, ComK in L. lactis serves as an excellent model to investigate the effects of introduction of a functional transcriptional regulator on the transcription profile of the host cell, which harbors multiple recognition sites for this protein. In order to fully understand the potential of ComK regulation in L. lactis, some background information is described first.
In the gram-positive soil bacterium B. subtilis, ComK is the key regulator of development of competence, a differentiation state that enables the cell to take up DNA from the environment and to incorporate this DNA into its genome. The competent state is characterized by drastic physiological changes in the cell, such as switching off DNA replication, cell wall synthesis, and cell division (13) . Furthermore, a complex DNA binding, uptake, and integration machinery is synthesized, which makes the cell competent for transformation. Development of competence is tightly regulated; only when the free ComK level increases, at the onset of the stationary growth phase, can competence develop (for reviews see references 8 and 16). ComK activates gene transcription by binding to ComK-binding sites, so-called K-boxes, located upstream of ComK-regulated genes (14) . Each K-box consists of two AT-boxes (consensus sequence, AAAA-[N] 5 -TTTT), which are separated by two, three, or four helical turns (Fig. 1 ). The genome of B. subtilis contains over 1,000 putative K-boxes, 30% of which are located in intergenic regions (15) . These numbers reflect the large potential for ComK to affect transcriptional regulation. Interestingly, the genome of L. lactis contains around 1,350 putative K-boxes, roughly 30% of which (almost 400 K-boxes) are located in promoter regions. This number is considerably higher than the 474 K-boxes (on average) which would be expected to occur in random DNA with the length and AϩT content of the L. lactis genome, suggesting that the K-boxes form a relevant feature on the genome. However, despite the presence of K-boxes, as well as homologues of some of the known competence genes, L. lactis does not contain comK itself, which brings into question the functionality of these K-boxes. Thus, introduction of B. subtilis ComK into L. lactis could result in extensive interference with transcriptional regulation of the host cell by direct ComK binding to a large number of K-boxes. The implications of this HGT event for the L. lactis transcription profile were investigated by DNA microarray studies, in which we compared a wild-type L. lactis strain and two ComK-producing strains, expressing either wildtype ComK (wtComK) or ComK⌬C25, a transcription activation-deficient but DNA-binding mutant. Both ComK variants affected the transcription profiles of about 200 genes, and the majority were downregulated. The frequency of occurrence of a K-box within 200 bp from the start of a gene was higher for downregulated genes than for upregulated genes, suggesting that ComK has a repressive effect on gene transcription in L. lactis, mainly because of binding to available K-boxes. However, the majority of the regulated genes were indirectly affected as a consequence of ComK production in the cell. The results show that HGT does not necessarily also transfer the expected functionality of a gene and that the normal transcriptional regulation of the host cell can be severely affected.
MATERIALS AND METHODS
Bacterial strains, media, and growth conditions. The bacterial strains that were used in this study are listed in Table 1 . L. lactis strains were grown at 30°C in 0.5ϫ M17-based medium (Difco) supplemented with 0.5% glucose (GM17) and, if required, chloramphenicol and/or erythromycin (both at a concentration of 4 g/ml). ComK expression was achieved by induction of the nisin-inducible promoter with 1:1,000 dilutions of supernatant of an overnight culture of the nisin-producing strain L. lactis NZ9700, which was grown in GM17 medium (7) .
DNA manipulations, materials, and transformations. Standard molecular biological techniques were performed as described previously (1, 30) . Enzymes were purchased from Roche, New England Biolabs, or Pharmacia. Plasmids were isolated using a High Pure plasmid isolation kit (Roche), and PCR products were purified with a High Pure PCR product purification kit (Roche). L. lactis strains were transformed by electrotransformation using a gene pulser (Bio-Rad Laboratories) as described by Leenhouts and Venema (27) .
PCR amplification and plasmid construction. PCRs were performed as described by Innes and Gelfand (20) , using Pwo or Expand DNA polymerase (Roche) with chromosomal DNA of B. subtilis 168 or L. lactis MG1363 as the template. Plasmids used in this study are listed in Table 1 . To confirm the effects on transcription of L. lactis genes demonstrated by DNA microarray analyses, around 200 bp of the promoter region of two model genes was fused to a promoterless lacZ gene in plasmid pILORI4. For the ywcC gene, the promoter region was amplified using primers ywcC-start (5Ј-GATCGAATTCGAAAG CTATCCTACCCCCCTTTC) and ywcC-end (5Ј-GATCTCTAGATTAAGATA CACGTTTAGTATAACCGCC). The tig promoter region was amplified using primers tig-start (GATCGAATTCTATGACTAAGCTAAGCCCTGG) and tigend (GATCTCTAGATTAGAGTGTACCCTTAGTATCACTAG). In all primers, the annealing sequence is underlined. The resulting PCR products were digested with XbaI and EcoRI and ligated into XbaI/EcoRI-digested pILORI4, yielding plasmids pPywcC and pPtig, respectively. As a control for the cutoff level of the DNA microarray data, a ctrA-lacZ fusion was tested. A 242-bp fragment comprising the upstream region of ctrA was cut from plasmid pORI::PctrA (6) using XbaI and EcoRI, and the fragment was introduced into pILORI4, resulting in plasmid pPctrA.
ComK production and transcription activation assays. B. subtilis ComK was produced in L. lactis NZ9000, an MG1363 derivative, using plasmid pNZ-His 6 -ComK for wild-type ComK or plasmid pNZ-His 6 -ComK⌬C25 for a C-terminal FIG. 1. Overview of a K-box. ComK-regulated genes are characterized by the presence of a K-box upstream of their promoter (arrow). Each K-box consists of two AT-boxes, which are separated by a flexible spacing. This results in positioning of both AT-boxes on the same side of the DNA helix with an interval of two, three, or four helical turns, depending on the size of the spacing, between the start of the two AT-boxes. To determine the activity of the ComK proteins produced, transcription activation assays were performed using the comG-promoter-lacZ fusion on plasmid pG-wt as a reporter. For this purpose, ComK expression was induced by adding nisin-containing supernatant after 3 h of growth. Samples for ␤-galactosidase assays were taken from the moment of induction until 2 h after induction at 30-min intervals. ␤-Galactosidase activity was determined as described by Israelsen et al. (21) . The same experiments were performed using the promoterlacZ fusion on plasmids pPywcC, pPtig, and pPctrA as the reporters. ComK production levels were checked by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (26) and Western blot analysis (33), using a His tag-specific first antibody and an anti-mouse horseradish peroxidase secondary antibody (both obtained from Amersham). The signals were visualized by chemiluminescent detection using the ECL Western blotting analysis system from Amersham.
RNA isolation, cDNA labeling, and hybridization. To determine the effect of wtComK production on the transcription profile of L. lactis, cultures of L. lactis NZ9000 with plasmid pNZ8048 and with plasmid pNZ-His 6 -ComK were grown for 3 h until the end of the exponential growth phase and were then induced with a 1:1,000 dilution of a supernatant of the nisin-producing strain L. lactis NZ9700. After 2 h of induction, cells from 25 ml of the culture were harvested by centrifugation (1 min, 8,000ϫ g, Eppendorf centrifuge) and frozen in liquid nitrogen. Three biological replicates were performed under identical conditions. mRNA was isolated from the cells of each culture as described previously (35) . cDNA was obtained by reverse transcription and labeled with Cy3 or Cy5. As a control, dye swap reactions were performed under the same conditions. The labeled cDNA samples were hybridized onto an L. lactis MG1363 microarray slide as described previously (25, 35) . To determine the effect of ComK⌬C25 on the transcription profile of L. lactis, the procedure described above was repeated with cultures of L. lactis NZ9000 with plasmid pNZ8048 and with plasmid pNZ-His 6 -ComK⌬C25.
Bioinformatic analyses. After the signals on the slides were scanned, bad spots and spots whose intensities were too low were removed from the data sets using Array Pro analyzer 4.5 (MediaCybernetics, Gleichen, Germany). Based on the assumption that expression of most of the genes is not different in the two situations compared, the Cy3/Cy5 ratios were normalized using a grid-based Lowess fit (37) . Further analysis was performed using the MicroPrep software package, with a subsequent PrePrep, Prep, and PostPrep analysis (10, 34) and a t test (17) . The MicroPrep software package can be requested at http://molgen .biol.rug.nl/molgen/research/molgen software.php.
Identification of functional categories among regulated genes. Functional categories of the regulated genes were identified using the Functional Information Viewer and Analyzer (FIVA) program (E. J. Blom, D. W. J. Bosman, S. A. F. T. van Hijum, L. Tijsma, J. B. T. M. Roerdink, and O. P. Kuipers, submitted for publication).
Genomic overview and K-box positioning. The Genome2D software package (2) was used to create an overview of the positions of regulated genes on the genome of L. lactis MG1363. Furthermore, the program was used to determine the position of the nearest K-box for each gene.
RESULTS

B. subtilis ComK is active in L. lactis and affects culture growth.
The competence transcription factor ComK activates gene transcription in B. subtilis by binding to K-boxes in the upstream region of ComK-dependent genes. Like the genome of B. subtilis, the genome of L. lactis contains a large number of K-boxes, which are potential targets for transcription regulation by ComK. However, L. lactis lacks a comK gene itself. Previous research demonstrated the activity of B. subtilis ComK in L. lactis by showing transcription activation at a B. subtilis comG-promoter-lacZ fusion (31a). In principle, ComK of B. subtilis could also regulate transcription from the available K-boxes when it is expressed in L. lactis. To test this hypothesis, DNA microarray analyses were performed by comparing the transcription profiles of L. lactis NZ9000 with plasmid pNZ8048 and with plasmid pNZ-His 6 -ComK, both grown in the presence of nisin-containing supernatant to induce transcription from the nisin-inducible promoter on the plasmids. In order to obtain significant array data, three biological replicate samples of each strain were produced. Until the moment of induction, after 3 h of growth, all cultures displayed similar growth curves. However, upon induction of ComK production the growth rates of the three cultures of L. lactis pNZ8048), L. lactis NZ9000(pNZHis 6 -ComK), and L. lactis NZ9000(pNZ-His 6 -ComK⌬C25) were grown as biological replicates. The moment of induction with supernatant of nisin-producing strain L. lactis NZ9700 at a 1:1,000 dilution is indicated by an arrow. Two growth rates were distinguished after induction of ComK production. For the organisms in the upper box the growth rates of the cultures were normal; for the organisms in the lower box the growth rates of the cultures were decreased. Samples for RNA isolation were harvested after 2 h of induction. OD 600 , optical density at 600 nm. (B) Western blotting was performed to detect the His-tagged ComK proteins using an anti-His antibody. Samples of three cultures per strain were loaded on a gel. Lanes NZ, L. lactis NZ9000(pNZ8048); lanes wt, L. lactis NZ9000(pNZ-His 6 -ComK); lanes 25, L. lactis NZ9000(pNZ-His 6 -ComK⌬C25).
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SUSANNA ET AL. APPL. ENVIRON. MICROBIOL. NZ9000(pNZ-His 6 -ComK) were reduced, indicating that comK expression affects growth of the host cells ( Fig. 2A) . Western blots demonstrated that ComK was produced at similar levels, as shown previously (Fig. 2B) (31a) . ComK production affects 7% of the L. lactis genome. To determine the effect of the introduction of B. subtilis ComK on the transcription profile of the L. lactis host cell, a transcriptome analysis was performed. Including dye swaps for each of the three biological replicates, six slides were used, and wild-type L. lactis and a ComK-producing strain were compared. The transcription profile of the latter strain revealed significant effects on about 200 genes, corresponding to 7% of the genome. Notably, 89 genes (3.0% of the genome) were upregulated, while 114 genes (4.0% of the genome) were expressed less in the presence of ComK. The up-and downregulated genes with the greatest differences are listed in Tables 2 and 3 , respectively.
Genomic organization of ComK-affected genes. The genomic organization of the ComK-affected genes was visualized using the Genome2D software package (2). Production of ComK was shown to influence transcription of mainly individual or paired genes, but some larger operons could also be discerned. The most eye-catching operon consists of dexCA, maa, amyY, agl, and mapA, which are among the top downregulated genes. The gene products are probably involved in sugar metabolism of the cell. Downregulation of this operon can therefore probably be explained by the reduced growth rate of the ComK-producing strain upon induction of ComK expression ( Fig. 2A) . Furthermore, some members of the opp operon are downregulated probably also because of the effects of ComK expression on the growth rate of L. lactis. Other clearly downregulated operons are the ycgF GHIJ operon, the rnc-smc-yibCD operon, and the ndrHIE operon. Only two relatively small upregulated operons were observed, the ydaFG-ydbA operon and the ydjB-trxH-ydjD operon.
Most of the ComK effects on the transcription profile are indirect. An interesting question concerning the effects of production of ComK on the transcription profile is whether these effects are direct or indirect. Direct effects are considered to be caused by binding of ComK to a ComK-binding site, i.e., a K-box, upstream of a gene. Previous research with B. subtilis on the predictive value of the presence of a K-box for regulation by ComK revealed that K-boxes that had 13 or more matches with the 16-bp consensus sequence and were located within 200 bp upstream of the start of a gene could be good targets for regulation by ComK (15) . In the present study, a list of K-boxes upstream of the ComK-affected genes was generated, taking into account the important characteristics determined in B. subtilis (Tables 2 and 3 ). When this list was considered, we concluded that the majority of the effects of ComK expression (15), while no significant repression by ComK has been reported (3, 15, 28) . The low percentage of genes directly affected by ComK raises questions about the nature of the ComK-induced effects. In order to obtain more information about the background of these effects, functional categories of regulated genes were searched by using the software package FIVA. An overview is shown in Table 4 . The FIVA analysis demonstrated that the upregulated genes were involved mainly in protein synthesis. The downregulated genes are grouped into two main categories, ATP binding and transport, and three smaller groups involved in carbohydrate metabolism, regulation of transcription, and signal transduction. The categories observed suggest that the induced effects result mainly from the reduced growth in a ComK-producing culture.
ComK⌬C25 affects transcription less than wtComK. The most intriguing observation concerns the fact that most of the direct effects exerted by ComK involve downregulation of gene expression, although ComK in B. subtilis acts almost exclusively as a transcription activator (3, 15, 28) . The extensive downregulation of gene transcription in L. lactis might result from binding of ComK to available K-boxes. Following this reasoning, ComK would disturb the normal transcription regulation by binding to K-boxes. To test this hypothesis, a similar DNA microarray experiment was performed with a transcription activation-deficient ComK variant, His 6 -ComK⌬C25. Previous research demonstrated that transcription activation by this mutant is completely abolished, while DNA binding is retained with wild-type affinity, despite binding as dimers instead of tetramers (31a). The level of expression of ComK⌬C25 was checked on Western blots (Fig.  2B) , and the results demonstrated that the protein level was similar to that for wtComK. Transcriptome analyses demonstrated that production of ComK⌬C25 and production of wtComK affected the transcription profile of L. lactis to similar extents. Altogether, 237 genes (8.3% of the genome) were affected in the presence of ComK⌬C25; this included 105 upregulated genes (3.7% of the genome) and 132 downregulated genes (4.6% of the genome).
Comparison of the genes affected by wtComK and ComK⌬C25 demonstrated that the majority of the top 30 up-and downregulated genes were regulated in both ComK-producing strains (Tables 2 and 3) . Overall, 56.6% of the wtComK-affected genes were also affected by ComK⌬C25. Given the high levels of similarity of the top regulated genes, this percentage seems relatively low. However, the fact that the differences occur mainly in the genes that are regulated less, which might just miss the cutoff for fold regulation or significance in either of the two lists, should be considered. Furthermore, without exception, genes upregulated in a wtComK expression strain are also upregulated or unchanged by ComK⌬C25 production and vice versa, but they are never downregulated. The same is true for the downregulated genes. The great similarity of the transcription profiles of wtComK and ComK⌬C25 suggests that ComK influences gene regulation by binding to available K-boxes, which interferes with normal gene transcription, thereby explaining the direct down effects. More often, however, ComK production, which probably causes various stress responses, results in a large number of indirect effects.
␤-Galactosidase assays show repression by both ComK variants. To confirm the negative effect of ComK on transcription of L. lactis genes, promoter-lacZ fusions were made for three target genes, ywcC, tig, and ctrA. The ywcC and tig genes were chosen because they are the two strongest ComK-repressed genes with a K-box within 200 bp upstream of the starting position. Transcription of ywcC and tig was affected by both wild-type and mutant ComK. The ctrA gene, on the other hand, was chosen because it is a gene that is only mildly affected by ComK, as determined by the DNA microarray analysis (Ϫ1.7-fold by wtComK and Ϫ1.2-fold by ComK⌬C25). It can thus serve as a proper control to determine whether the effects of ComK on genes that are regulated at a low level, as observed in the DNA microarrays, are really significant. A ␤-galactosidase assay, using plasmid pPywcC as a reporter, demonstrated that the level of transcription from the ywcC promoter is high in the absence of ComK and is reduced when wtComK is produced (Fig. 3A) . A similar reduction in the transcription level is seen when ComK⌬C25 is expressed. Also, in the case of pPtig, production of ComK reduces the transcription of the reporter gene, although in this case the effect is clearly stronger for wtComK than for ComK⌬C25 (Fig. 3B) . A ctrA-lacZ reporter revealed mild effects of both ComK variants on ctrA transcription (Fig. 3C) , confirming the small difference that was below the cutoff observed in the DNA microarray study. This result implies that the genes regulated at a low level, as observed in the DNA microarrays, do reflect effects of ComK on gene transcription regulation, thereby demonstrating the significance of these data. Although the ratio of transcription of ywcC in wild-type L. lactis to transcription of ywcC in the ComK expression strains is less than the ratio indicated in Table 3 , these results confirm the trend that was observed when DNA microarray analyses were performed.
DISCUSSION
Bacteria undergo continuous evolution of their genotypes. A possible mechanism for genotypic changes is HGT, which has been reported for a wide variety of bacteria (31, 32) . In this paper we describe a case study of HGT by introduction of the competence transcription factor ComK of B. subtilis into the recipient L. lactis. A successful HGT event should meet several criteria, including proper expression of the introduced gene and subsequent production of a functional protein (32) . Pre- Although most ComK effects are indirect, some direct effects could be discerned as well. The most striking observation is that direct transcription regulation mainly involves downregulation of gene transcription, which was concluded from the fact that the frequency of occurrence of a K-box was much higher for downregulated genes (27%) than for upregulated genes (12%). This is a remarkable difference from the situation in B. subtilis, since in this species no significant downregulation of gene transcription by ComK has been reported (3, 15, 28) . As an explanation, interference with gene transcription due to binding of ComK to available K-boxes is assumed. This hypothesis was confirmed by an additional DNA microarray FIG. 3 . ComK negatively affects transcription of ywcC and tig. ␤-Galactosidase (Betagal) assays were performed to verify the negative effects of ComK production on transcription of ywcC and tig, using a P ywcC -lacZ fusion (A) and a P tig -lacZ fusion (B) as reporters, respectively. As a control for significant regulation, the mild effect of ComK on P ctrA -lacZ, which just missed the arbitrary cutoff level, was determined (C). At the end of the exponential growth phase, expression of wtComK or ComK⌬C25 was induced. ␤-Galactosidase activity was determined at 30-min intervals until 2 h after induction. For each strain, four independent cultures were grown, and the average activity (in Miller units) is shown along with the standard deviation for the average. Symbols: }, no ComK (empty plasmid pNZ8048); OE, wtComK; ■, ComK⌬C25.
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ComK ACTS AS REPRESSOR IN L. LACTIS 409 study using a transcription activation-deficient but DNA-binding ComK variant, ComK⌬C25. The extensive overlap in the lists of genes affected in the two ComK-producing strains confirmed that the direct effects of ComK on the transcription profile of L. lactis are mainly caused by selective positional binding of ComK, thereby disturbing normal transcription activation. The negative effects of both wild-type and mutant ComK on transcription of L. lactis genes were further demonstrated using ␤-galactosidase assays with promoter-lacZ fusions of ywcC and tig, the two L. lactis genes preceded by a K-box affected the most, as reporters ( Fig. 3A and B) . These experiments confirmed that there was transcriptional repression upon ComK production, most likely via direct binding to the K-box, thereby obstructing transcription activation. A similar study using a PctrA-lacZ fusion showed that even the small ComK effect on ctrA transcription was reflected by the results of ␤-galactosidase assays (Fig. 3C) , confirming the significance of the observed ComK effects on genes affected at a low level displaying values just below the arbitrary cutoff levels of twofold up-or downregulation in DNA microarray studies (Tables  2 and 3 ). The similarity in upregulated genes between the expression of wild-type ComK and the expression of mutant ComK suggests that the effects are indirect rather than direct also for the 12% of the genes that do contain a K-box. The occurrence of a K-box upstream of these genes is therefore expected to be a coincidence instead of a biologically relevant feature of the regulated genes. It might be concluded from the results described here that ComK has only a repressing effect on gene transcription in L. lactis. However, despite the fact that direct activation was not observed in the transcription profile of L. lactis, this possibility cannot be excluded. Previous research has demonstrated that there was transcription activation by wtComK at the comG promoter of B. subtilis when it was introduced into L. lactis, but the level of transcription was at least 10 times lower than that at the same promoter in B. subtilis, suggesting that the conditions in L. lactis do not allow optimal transcription activation by ComK, which could, for example, be due to differences in RNA polymerase. Although speculative, it is likely that ComK of B. subtilis does activate transcription by binding to K-boxes in L. lactis but that the transcription level in many cases is too low to be discerned by transcriptome analyses among the large indirect effects induced by production of ComK.
Returning to the discussion of HGT, the most intriguing observation in this study is undoubtedly the change of ComK from a clear activator in B. subtilis into a mainly repressing protein in L. lactis. This observation demonstrates that a known function of a protein cannot automatically be extrapolated to other potential targets for this protein in another organism. It has been reported previously that observed HGT events involve operational genes (e.g., housekeeping genes) more often than they involve informational genes (e.g., genes involved in transcription and translation processes) (29) . An explanation for this is provided by the complexity hypothesis, which states that the more complex the role of the introduced gene, the smaller the chance for successful HGT (22) . Informational genes often are parts of larger structures, implying that for proper functioning not just one gene but a set of genes should be transferred. This may also play a role in the functionality of regulator genes in their new background, since to be functional, they require the presence of target sequences and relevant genes under control of these sequences. The previously described examples of successful HGT of regulator genes most often involved transfer between very closely related species and/or transfer of complete pathogenicity islands or plasmids, including a regulator and its target genes. An intriguing example is the Bacillus cereus group of organisms, including B. anthracis, B. cereus, and Bacillus thuringiensis. Based on chromosome sequences, these species are basically indistinguishable and should actually be considered one species (18) . Their functional differences are located mainly on large plasmids, for which horizontal spreading has been shown among members of the B. cereus group, resulting in phenotypically changing a B. cereus strain into B. thuringiensis and even B. anthracis-like strains (12, 19) . This can have serious consequences for humans considering the pathogenicity of these species.
Based on the observation that successful HGT of regulator genes often involves the transfer of complete plasmids, it might not be surprising that in our model, in which only the regulatory gene was introduced, comK is not functional in L. lactis, as it is in B. subtilis. Not only does the introduced gene apparently lack its original functionality, but in addition, the expression of a potentially pleiotropic regulator might induce extensive stress responses and growth defects in the host organism, thereby interfering with the normal behavior of the cell. This study presents a novel way of looking at an HGT event by thoroughly investigating the effects of introduction of a foreign gene on the transcription profile of the recipient bacterium. Using this approach, we demonstrated that HGT of a regulatory gene can be an event with highly counterintuitive and unexpected effects compared to the original function of the gene.
